Obejctive: To study the existence of a graded relationship between the nutrient content of the diet and some measures of social position. Design and setting: The graded relationship hypothesis was veri®ed by secondary analysis performed on two different nutrition surveys: the Quebec Nutrition Survey (QNS) and the NHANES III, both based on a single 24 h recall. The data of these surveys were collected on a representative sample of two different populations, the ®rst (n 2103) in the province of Quebec (Canada) in 1990 (QNS) and the second in the US population (n 14 877) between 1988 and 1994 (NHANES III).
Introduction
was the ®rst to demonstrate a graded relationship between socio-economic status and several chronic diseases. This researcher put into perspective the fact that health inequalities are not just the result of material deprivation because even relatively well-off persons have higher rates of disease. This gradient has now been observed in different countries and for almost all causes of morbidity and mortality as well as for important health risk factors such as tobacco, obesity and blood cholesterol levels (Power et al, 1991; Evans, 1994; Marmot, 1994; Acheson et al, 1998; Kubzansky et al, 1998; Anan et al, 1999; Martinez et al, 1999; Woo et al, 1999) . This gradient persists even after these risk factors have been taken into account, suggesting that other risk factors have been overlooked. Nutrition is one of the factors not yet studied extensively with regard to the gradient. Previous research had put in perspective the fact that different social position indicators are positively related with different aspects of the quality of the diet (Bolton- Smith et al, 1991; Hulshof et al, 1991; Smith & Baghurst, 1992; Shea et al, 1993; Krebs-Smith et al, 1996; Bowman et al, 1998; Lino et al, 1998; Roos et al, 1998; Shi, 1998; Woo et al, 1999) . These studies generally did not measure the existence of a social gradient in all the nutrient content of the diet for various social position measurements. The aim of this research is to verify the existence of such a gradient at the population level and to evaluate how the use of different socio-economic indicators shapes the results of the analysis.
Methods

Study design and sample
The purpose of this research was to verify the existence of a socio-economic gradient for various aspects of the quality of the diet on two different populations. The analyses were performed on data previously collected in two nutrition surveys, the 1990 Quebec Nutrition Survey (QNS) and the NHANES III (1988 ± 1994) . Both surveys, based on a representative sample of a population, collected a 24 h recall Ð repeated on a sub-sample Ð to evaluate the content of the diet. In Quebec, 1023 men and 1080 women aged 18 ± 74 were surveyed. For the United States, the same age group (18 ± 74 y) was studied for the total sample (n 6962 men and 7915 women) and for the non-Hispanic white population (NH White) (n 2499 men and 2911 women). This choice was made because there was not a signi®cant presence of black and Hispanic people in the QNS. Both surveys had high response rates (69% for QNS, 73% for NHANES III). Analyses were also performed for people experiencing food insecurity. More details and previous results on these surveys have been published elsewhere (Federation of American Societies for Experimental Biology, 1995; Sante Â Que Âbec & Bertrand, 1995) .
De®nition of variables
A gradient relationship is observed when the studied variable increases or decreases gradually with the improvement of social position. Therefore, a positive gradient means a higher nutrient density for higher social status individuals and a negative gradient implies lower nutrient density for lower social status individuals. Analyses were performed using four different social position indicators: relative education, income adequacy, working class and a global socio-economic status (SES) scale. Education was grouped by percentiles in three categories for each age group and for each databank. Income used for QNS data was calculated from household gross income adjusted for household size, while the poverty index in three categories, based on household size gross income and income threshold, was used for NHANES III data. These scales are not identical but are based on the same process of classi®ca-tion, both taking into account the household size. Five categories based on the Pineo classi®cation (in 16 categories; Pineo et al, 1979) for both datasets were used to classify the respondents in accordance with their reported working class. Non-workers (eg students, retired, housewives, etc), classi®ed in a sixth category, were not included in the analysis. As suggested by Willms and Shields (1996) , the global SES score is derived from the level of education (last grade attended for QNS and years of schooling for NHANES III), the modi®ed Pineo's prestige score (work classi®cation in QNS and type of work for NHANES III), and last year household gross income. Each component of the global score was transformed to achieve the continuity criteria and was standardized, making it centred at 0 with a variance at 1. These elements were then added up to give the global measure as a continuous variable, before being regrouped in three categories. Dietary supplements are included in the intake ®gures. Table 1 gives the proportion of the studied population in each social position categories.
The quality of the diet was evaluated by the nutrient content of the diet. The existence of a social gradient was Outlier values (less than 1% of all data) were omitted using the extreme studentized deviate procedure (Rosner, 1995) from each nutrient variable before being standardized. Even though they were not of®cially identi®ed as data entry errors, examination of these outliers suggested their elimination from the analyses. To use a measure independent of total caloric intake, the analyses were performed or energy-adjusted nutrients as suggested by Willett (1990) . We did not control for the possibility of selective underreporting of energy intake between the subgroups of social status because of the lack of adequate data to do so.
To evaluate a possible role of nutrition in social health inequalities, it was insuf®cient to measure only the existence of a graded relationship between the consumption of different nutrients and some indicators of social position. A graded relationship in the case of a population able to cover its basic needs for nutrients would not necessarily indicate a possible role for nutrition in the social health inequalities observed in the same population. For this reason, the existence of a social gradient for people not meeting 75% of the respective recommended dietary allowances (RDAs) for each nutrient (not energy-adjusted) and for people not meeting some nutrition recommendations were also measured. Although the dietary method used in the QNS and the NHANES III was a 24 h recall, which could not be considered as representative of the average nutrient intake for each individual, this method is suitable for group comparison. The Canadian RDAs (Health and Welfare Canada, 1990) were used for the QNS and the USA RDAs (National Research Council, 1989) for the NHANES III. These RDAs vary slightly but their scienti®c basis is similar. Moreover, these recommendations were the ones being transmitted to these respective populations at the period of data collection. In our analyses, we were also preoccupied by the people in Table 2 Graded relationships of relative education (®rst symbol), family income (second symbol), working class (third symbol) and SES (fourth symbol) (positive :, negative ;, or no association s; P 0.05) with total nutrients (energy adjusted), people aged 18 ± 74 y, by sex for Quebec Nutrition Survey (QNS) and NHANES III (NH III) Social position and nutrition L Dubois and M Girard material deprivation. A proportion of 7% of the interviewed people in NHANES III declared that they`sometimes' or`often' do not have enough food to eat. These respondents were not removed from the analyses because their distribution in the sample was not exclusive to the lower social position categories. Moreover, the results of the analyses do not differ if they are excluded or not from the statistical calculations. Nevertheless, speci®c analyses were performed to evaluate the existence of an educational gradient within this subgroup of the population (NHANES-All). Data related to food insecurity were not available in the QNS. Trend analysis was carried out to evaluate the presence of a gradient using the Cochran-Armitage trend test (Fleiss, 1981) . Statistical analysis were performed with SAS software (version 6.12). Table 2 shows the existence of graded associations between the studied social position indicators and the nutrients available in each databank. For example, for total dietary ®bre, the QNS data shows for men a positive graded relationship for education, no graded relationship for family income, a positive graded relationship for working class and no graded relationship for the global SES score. For women of the QNS, a graded relationship is only observed with education and this relationship is positive. For the NHANES III dataset, the relationships between ®bre and the studied social position indicators are all gradual and positive.
Results
More graded relationships are observed with the NHANES III databank than with the QNS and these relationships are generally stronger. For indication only, the proportion of relationships at P 0.001 is 37% for QNS, 83% for NHANES-All and 69% for NHANES-NH White. These differences may be due to the small numbers in some categories in the QNS, such as the proportion of women in the`professional category'. Nevertheless, in the Quebec population, 16 elements for men and 26 for women (out of 32) show a positive graded relationship with at least one of the social position indicators. A negative graded relationship is observed with energy and cholesterol for men and with zinc for women, while monounsaturated fat shows an unstable direction for men. The NHANES III data shows a more constant portrait, presenting a positive relationship for ®bre, proteins (women only), polyunsaturated fat (except with education for women), alcohol and almost all of the vitamins and minerals studied, and a negative relationship for carbohydrates, proteins (men only), total fats, cholesterol, saturated fat, monounsaturated fatty acids and phosphorus (men only). The SES scale shows the same kind of relationships. A smaller number of graded relationships is observed for working class women than for men, perhaps due to the fact that`working class' is not as good an indicator of social position for women as it is for men. In NHANES III, a graded relationship is more commonly observed for the total population than for the NH White population, and for education in comparison with the other measurements of social position, for men and for women. Only education was used to measure the gradient for the individuals having experienced sometimes or often' a lack of food in NHANES III. For Social position and nutrition L Dubois and M Girard men, a negative gradient is observed for proteins and monounsaturated fat, and a positive gradient appears for carotene, vitamin A, vitamin C, thiamin, riboblavin, niacin, folate, calcium, iron and sodium. For women, the analyses show a negative gradient for carbohydrates and a positive one for vitamin A, niacin, vitamin B 6 , magnesium and potassium (data not shown). These results indicate that, even for people experiencing material dif®culties, the quality of the diet improves with education. Table 3 presents the proportion of the population not meeting 75% of the RDAs and Table 4 shows the existence of a graded relationship with social position for these individuals. Again, a larger number of graded relationships appears with the NHANES III data than with the QNS data. All vitamins and minerals show a negative association, meaning that gradually more individuals in each category are not reaching 75% of the RDAs with the lowering of social position. This important observation means that nutrition could play a role in social health inequalities not only for people experiencing material deprivation, but also for the whole population. In the USA, more graded relationships are observed with education and income than with working class. Table 5 shows the proportion of the population not meeting some nutrition recommendations and Table 6 presents the graded relationships with social position for these individuals. These associations, even if less stable, are positive for carbohydrates (except for QNS men), alcohol and sodium (except for QNS men), and negative for total fat (except QNS women), saturated fat and cholesterol (except QNS women). These results suggest that going down the social hierarchy, gradually more people eat more total fat, cholesterol and saturated fat than is recommended. Social position and nutrition L Dubois and M Girard
Discussion
The role of social position in the quality of the diet The results of this research put into perspective two major elements. First, the graded in¯uence of social position on the quality of the diet indicates a possible intermediate role for nutrition in the distribution of social health inequalities in North America. This relationship should then be more extensively studied in line with the known clinical role of nutrition in chronic diseases, which is beyond the purpose of this paper. The second important element is the existence of inequalities even within the materially deprived subgroup of the population. This should not only be linked with the quality of the diet, but also with the social comparison process involved in the population health gradient (Wilkinson, 1996) . In that context, material deprivation for people unable to afford the growing diversity of foods with added value (prepared, transformed, engineered, etc) highly marketed by the mass-media is compounded by social deprivation in regards to the majority who can afford them in wealthy societies. Four different social position indicators were studied separately in this research because these indicators are not totally overlapping in the study of health and socio-economic status (Adler et al, 1994) . As put in perspective by Adler et al (1994) in a more general way, the fact that a graded association was found with each studied socio-economic indicators indicates that a`broader dimension of social strati®cation or social ordering is the potent factor'. Moreover, the in¯uence of different social position measurements on the quality of the diet is probably affected in different ways and the use of indicators at the individual and family level is essential to nutrition studies. For example education level is important for the comprehension of the information regarding the relationship between diet and health on a long-term basis. Family income plays a direct role in food expenditures in stores and restaurants, while the type and place of work could relate to food availability at lunch time and time allowed for meal preparation and consumption. This is of particular interest for working women, where having a job means more family money to buy food but less time to prepare it.
Money also makes the difference for the socially deprived elderly unable to buy food services or to go out at lunch time (Dubois et al, 1999) . More globally, food choices could also refer to a status symbol (Bourdieu, 1979) to be put in relation with the health food movement in North America (McIntosh, 1996) . These elements could explain the fact that even the same nutritional program does not have the same impact on different social groups, as observed by Whitehead (1995) . The results of this study are in accordance with other research showing a relationship between some nutrients and different social position indicators. Smith and Baghurst (1992) studied three social status indicators (occupation, education and income) and some elements of the diet for an Australian urban population. In their study, a higher social status was generally associated with a better diet, especially higher ®bre and alcohol densities and lower fat and re®ned sugar densities. They found no association between social status and salt, polyunsaturated fat, protein and complex carbohydrates. Moreover, for some elements of the diet, they found an association with only one or two of the three studied social position indicators, as it is the case in our study. The analysis of the global Healthy Eating Index (HEI) developed by the UDSA also show that higher education and income are associated with a higher HEI score (Variyam et al, 1998) . The analyses were generally performed using only one social position indicator, such as education. Murphy et al, (1992) found an association between a low level of education in USA and the number of nutrients below two-thirds of the RDA level. Woo et al (1999) , in the Hong Kong Dietary and Cardiovascular Risk and Prevention Survey, also observed that a higher level of education was associated with a higher proportion of protein, ®bre and calcium intake for men, and a higher proportion of ®bre, calcium, fat, niacin, vitamin D and polyunsaturated fat intake for women. Hupkens et al (1997) also observed a positive association between education level and fat and ®bre consumption for women living in two European cities, but they found no association for women living in a third city. In their study, percentage of calories for one nutrient was sometimes associated with Social position and nutrition L Dubois and M Girard education, but not total grams. They also observed that education is a better predictor of food consumption for women than for men (Hupkens et al, 1997) . These results illustrate the complexity of the study of social factors in relation to the quality of the diet. The content of the diet should be studied separately for men and women. Moreover, other elements should be part of the study, such as eating out, which is increasing in developed countries (Eck Clemens et al, 1999) . This social variable could explain part of the inconsistency in the relationship for some nutrients between QNS and NHANES III. In fact, eating out is more common in higher social class and affects negatively the quality of the diet (Dubois et al, 2000) , especially total energy, fat, saturated fat, sodium and proteins (Haines et al, 1992; LeFranc Ëois et al, 1996; Eck Clemens et al, 1999) . These elements are important since the recent rise in energy consumption observed in the USA induced an increase in absolute fat consumption even if relative fat consumption is declining Katz et al, 1998) . As stated by Roos et al (1998) following their analysis of the FinMonica study, structural position and family status are of greater in¯uence on women's food choices, whereas education level and marital status are more important for men. It is also important to follow the trends of inequalities in food consumption over the years. Pra Ètta Èlla È et al (1991) found that Finns from lower education levels followed the trends in the quality of the diet of people with higher levels of education with a 10 y lag, in a study done between 1979 and 1990. Popkin et al (1996) for the US population also indicates that social inequalities in the quality of the diet had narrowed up to 1990.
Therefore, analyses of the relationship between social position and the quality of the diet could only bene®t from improved indicators. For example, the absence of a graded relationship with some dietary variables could be related to the lack of precision in the nutrients measured in the studied surveys (eg vitamin D and table salt in the QNS). As mentioned by Hulshof et al (1991) in their study (with a 2 day food record), the use of a 1 day record probably weakens the strength of the relationships observed in our analyses. A more representative data collection method could reveal even more graded relationships. The same applies to socio-economic indicators. For example, working position is not necessarily the best indicator for women in older age groups as an important proportion of them do not work. A socio-economic indicator taking into account the diversity of family structures in North America could re¯ect more adequately the situation, as food is a resource shared by all members of a family living in a given social context.
Public health and policy implications
Over the last 30 y, nutrition has been classi®ed as a lifestyle. Consequently, education remains the main way for public health nutritionists to intervene. That is not to say that nutrition studies have never focused on social inequalities, but as is often the case in the study of socio-economic status and health (Adler et al, 1994) , previous nutrition studies were more interested in the lower SES Ð still a fundamental topic of interest Ð in comparison with the other SES categories. This way of thinking is quite normal in nutrition since developed countries are experiencing food abundancy. Eating is then considered as a basic need that is easily met by the majority. Yet the results of this research show the existence of social inequalities in the content of the diet within all population sub-groups. It should then be taken into consideration in public health interventions intended to eradicate social inequalities in food access as well as in cultural food choices. At a policy level, the harmonization of nutrition recommendations in North America would bene®t from a better understanding of the relationship between SES and nutrition. These elements should be analysed in relation with population health, especially because the scale of inequalities is different in Canada and in the USA (Wolfson & Murphy, 1998) . In the years to come, we have to make sure that these differences will not be ampli®ed by the continuing transformation of work, growing family instability, the aging of the population and the rapid development of new nutraceuticals, those high-tech foods engineered in a health perspective (Dubois, 1996) . Good indicators of diet quality and adequate social position measurements should then be part of a monitoring system oriented towards the reduction of nutritional health inequalities in both countries. The reduction of these inequalities will contribute to achieve Health for All in the twenty-®rst century.
